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(57) Abstract: 

PROBLEM TO BE SOLVED: To stably increase the 
strength and ductility of the sheet with a well balance 
by allowing it to have a compsn. contg. specified 
amounts of 0, Si, Mn, Ti, P and Al and a structure 
contg. ferrite as the main phase, bainite and retained 
austenite and controlling the average grain size of 
ferrite and bainite and the volume ratio of retained 
austenite to specified ranges. 



SOLUTION: The steel contains, by weight, 0.05 to 0.25% 
C, 0.5 to 2.0% Si, 0.5 to 3.0% Mn and 0.05 to 0.3% Ti or 
moreover contains 20.10% P and/or 20.10% Al, and the 
balance substantial Fe. Then, it has a structure contg. 
ferrite as the main phase, bainite and retained 
austenite. The average grain size of the ferrite is 
controlled to <2.5 jim, and that of bainite to 25 |im. 
Moreover, the retained austenite is contained by ^5% 
volume ratio. 
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(57) mm] 

liiMl 20000 MPa %i^±Offi*ty'>:^ft-5Stt>'^'7> 

^1:%^% C :0.05~0.25%> Si :o.5 
-2.0 %, Mn:0.5 -3.0 %> Ti : 0.05-0.3 %^^tf 
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'c : 0.05-0.25%. Si : 0.5 -2.0 

Mn : 0.5 -3.0 Ti : 0.05-0.3 % 

m.t'Ti'im.m^m^^-t^-^w&.mm^Mm^o lo 

C : 0.05-0.25%. Si : 

Hn : 0.5 -3.0 %. Ti : 

i-k^. T^mtm9.mKm.i}^hfiz>m.wi.(^miki. 1150 

■CJ^]LT<^iaSi:JnlftL7t:0*,, 700 -900 "Ct^Ea^r^^ 
T-r.S'i^SHEffi^ML. «tWEEM*«-Tf*2»Ji),l*lt::i^iP 
^^$6L. ¥i4ji^*PiSS20'C/sJil._hT'i^*|]L. 150 -38 

-Cffcoo -tj^^^eiglfti.T'cl g^f /ci±2»JiJ>±4:-§•*-r 
IB 

A»:Nb:o.i %i:XT. v:o.i %\xrir>o'h<r>\mt 
Bi^ : Cu : 1.0 %jy.T> Mo : 1.0 %i:XT. Ni : 1.0 

CS^ : Ca : 0.0005-0.015 %. REM : 0.001 -0.05%, 

B : 0.0002-0.01%0-7*><0 1tt*fcJ±2ttJy,± 30 

[0 0 0 1] 
[0 0 0 2] 

9 > X T S X E 1 **20000 MPa ]X±i:^-tZ Z 1 36*SM 

^dt-^ass^ (T'iT;i'7ji-;^Sl: DPi8) 7^ 

I Pii7j*^f>tLTv^^o L75>L> DP«i(±TR I PtitC 
it-<miiiim < , T S x E 1 7!>^2000 

0 %mT-eab^o TR I psiii, ^mmzn so 



- c P w ^ -t, Mimfci i (± 2 py. Ji 
^ C t t -r l^cfB«<7)^««Be^5:*•f 
SB 

ASP: Mb: 0.1 %J-:iLT, v:o.i %\xr<r>n%(r>\mt 
BP : Cu : 1.0 %&.T. Mo : 1.0 %IXT. ni : i.o %iX 

T> Cr:i.O %J-:JlT<7>T*,c7)iat7t{±2ay.±. 

CP : ca : 0.0005-0.015 %, Fe* :o.ooi -o.05%, 

B : 0.0002-0.01%<7)T *><0 ltt*?tf±2ttW.± 

0.5 -2.0wt %> 
0.05-0.3v»t % 

V^Mtt^r^1-#ifcS:*L, TSXE 1 d«20000Mpa %?: 

>xcDil,^.75^<b(i> TR I PSico:^d«igti.-Cv^^o 
[0 0 0 4] !ifil¥3-10049 -f-^;r«(-(i> C, 

SI, lfciSr»*gt^t LT-i-^fri-Sat;, ET^«:80%m 
±, J±Mjt±.S.m^780 - 900 ■Ci:1--l.iaWI±5£^r*feL 
;tcD*>, ^HE®*?-7zaS*^?>40'C/s*?S<7)itiPiS)K-e 

W5eaiS t?J*iP * *?-7m. ^ -citig jl K40 t:/sy.±r- 

i^SLT, 350 - 500 'C-t?#*^^i«®«lftffiii«<7)M 
^OSftSj^lt/'f^v:^ {±20000 Mpa %;^±t ^-5>ii:** 

^' ^^^^ Vi3i:xm^t-^r-i--( Vi>^h^j:i>m 
[0 0 0 5] L:6^L^75*^>, #^¥3-10049 -f-^&^Ufe 
O40"C/s*«<7)«^*|] t , R^^i£Jtiil.Pt<7)ftiS<^±P*'J2> 

10 0 0 6] if-:, jEi-c<7)j:^^:^ft5j^ll»jtr-|ia 

$ti;'ci: LTi), #lliaj^*^350 -500 
[0 0 0 7] TR I P«|OSgiilCi5V^T(±, i-TBE®*^ 
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:e--XT--^'f V (Ti'^'&iti^m-t i>fziib[z^ 5min J-:]l± 
<?5«^-i^~£-ST-*^o LjJ^L. eOmin Sr®i.-2) J: ^ ^ft 

[0 0 0 8] 

me^^i^ig^Lid ii-r-SttSl C:<^J:9i-. TRIP 
E 1 -4^20000 MPa %\^X±.im-r Z>T R I PMi^JSttiiSSS 

10 0 0 9] *l&?g(4. ±ieL7t:F=^M^»*L, 
•C, ia5?SlST% ^v^Sttt, 20000MPa %Ji).±0«tt;t 

(0 0 10] 

[0 0 11] 2^l&ig(^*Sgtc=tofc||i^ifg*tcov^T»i 

mir^o *S%t?> c :o.i4%. Si : i. 

1 %, Mn:i.05%, S : 0.001%, Al : 0,035 %. Ti : 

0.105 %-^^^. nm^m^rj^wM^j'^'mfiii-h-^iZ, 

10 0 12] 'jris. i^^F^ffijiii. ^mmm&msi.m'km 
*n?»tia«?rio80"CL, mJEMi?-7ia)S 5:925 tt 

±l±®#?-TiaiS«r830 "Ci: Lr. Smm )?<7)»®««t L 

c JiHrtt 2sec jSt?p^L7^^o 350 x:*-eoi^±p 

iiJRSrS -100 r/sO^ffl-e^fbSHi-, ^Wia]Kt±350 
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[0 0 13] t-r. 'mmt^\m^^<n^mz^^^xmm 

'<^-^-f fSSt<0|l|#*lll ic^-to iris, 7jl 
MIS, htia(4, JIS G 0552tcM5e1-'i> 

^2.5 A'mJi^T>*»o-5:^'':>-^ htig?: 5 ;u mJ-:iTi:1--5. 
wttZJ:!), TSXE 1*^20000 MPa m Jit iSvIt 75* 

[0 0 14] ?S)K-]^14^^~7>XTSXE 1 tn^t- 
S X E 1 75*20000 MPa i'J>± i: ^.S) C: t d*t):^'^o 

[0 0 15] ^JS-®tt/^'7>;^TsxE 1 tmmsM 

ft<7>?ti|])4Si:<OM#*0 3 l-^f o 0 3(^(4, 

i^iPra§&t f(7)^W;6J2sec Wrt (0.3 -O.Ssec) 
2 sec g-C|EigiJLTV>-|,o m3^-h. f^HESf^O^^iP 
aK7i*20"C/ s Ji;±T';5-oE@m3 -0.8 #T-«.i^«r 
20 BB^S L fcii^H, T S X E 1 *«20000 MPa m± t ^ ^ d 
i:75*t>35»^o 

[0 0 16] tfz. 3^5ieS#^{±> C : 0.15%, Si : 1. 

2 %> Mn : 1.2 %> p : 0.013 %, s : 0.001 %, Al : 

0.041 %?r-^*L, Ti :0.09%, *-l)V>(±TitevS*nt L 

Ttii^rfflv^, mwis.^^n-i^x.fzmmsMizxy)m.^ 
(r>?^mmm.i^x. mm^n^tmsk. ?i3iiifttt<oi59# 

*n«iia)**io8ot:L, ai±si^7iaa^925 ft 

±)E®^TiaS*830 'Cfc LT, 3mm<r>mi&mUt L 
30 fzo tfz. ft±JI®$?-T3i^'bJ^ipra$&it?(O^|giS:0.8s 
ec, #fl5lSJt4-e<7)i%*|)aJS=Sr55X:/si: L, #^iaSS: 
mtLfZo =£*3, IfeMn'f ;H4i|S1280mn*fi:21 h >r-*> 

[0 0 17] 3^;K;^S#:fr|6]#fi:g(ciJlt-i.^S*- 

(b) {C^-TidlC, Ti*E?^JDii-e(4#lXS*400 "CS 

40 ^-^v^o — 114 (a) {zmirXoliZ, Ti :0.09%?^ 

[0 0 18] iOi 9 ^Ti>gilO<7)^tel^ i^^S^-x 

14, : 350 •Ct L;tmti, mUt Lfzo 

50 5cL,/io 
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[0 0 19] ^(om^imsizTTs-fo ms^^h. i\(r>m 

• - >-XT S XE 1 75*20000 MPa &.±i^L. d^o 

i^m^i^-^j:^m^u^mm^im^fcibizii. ti ^o. 

05%M±#*f -saSKt L, Vi^-f 

2.5 /um&,T. ^4^^ H2S75*5 mWyC* , ^ 

<7>f^coi^ipj«S>&20t:/sJ'J.±t L. 380 "CJlJlTST^^iP 
-f ^'£'S75«*> -i) C i: tift>i)^otzo 
10 0 2 01 ±i5L;t:aimu«o-v^T^SES 

(1) mM.%X'^ C : 0.05-0.25%. Si :0.5 -2.0 
%. Mn:0.5 -3.0 %. Ti : 0.05-0.3 i>i> 

v»i±$t>t;p : o.io%WTi3J:o-VSf>:(±Ai :o.iO%Jil 

aai^*L, Htrfe7^9^' K7)T*^t£S**2.5 ;«m* 

Ai^:i«):o.i %mT> v:o.i %mT<od itt* 

BS^ : cu : 1.0 %^:i.T, mo: i.o %i^t, Ni : i.o 
T, Cr : 1.0 %i:XT<r>o-ib<oim.tfz(i2m:f^± 
c if : ca : 0.0005-0.015 %, rbi : 0.001 -o.05%, 
B : 0.0002- 0.01 %(7)^*,<7)i at 7ti± 2 aJ':i,± 

(2) *g%t?. C : 0.05-0.25%, Si :0.5 -2.0wt 
%. Mn:0.5 -3.0 %, Ti :0.05-0.3wt %?r#^, 

i> v»(± $ f> tc p : 0. ^o%i:XTii «t ;t:i±Ai : o. 10% 

1150'CJ'J,T<7)Sft(;*D*?;L;t:CO-t>, 700 - 900 "CT-ff® 

^««-Ti-^*^ra)E®^ML. siraffiai«-7f^2«'-mi*n; 

itiPtra$&L. ¥J*;^tiP]llS20"C/sJEiL±-Cit»L, 150 
-380 t:-e#§l3[Sci:*#gfcti-^?iliM14?i5Si«Si® 

Ai^:Nb:o.i %iXT. v:o.i %aT09t,oitti 
BP : Cu : 1.0 %J-:;t> mo : i.o %y,T. ni : i.o %\^x 

Cr : 1.0 %\:XTO^h<n\m.ttz\i2m\:X±. 
Cif : Ca : 0.0005 -0.015 %, REM : 0.001 -0.05%, 
B : 0. 0002-0. 01 %0 9 *) <0 1 tt* /cfi 2 ttJa,± 
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<r>')t,A-hmi£iifz 1 mtfzii 2 mx±i-^mLxii X 

(0 0 2 1 1 
C : 0.05-0.25% 

iO CCO^'c^lCii. j:^^ < i: '{>0.05%J':i.±<75-&***'£>S-C-*) 
0.25%«rfix.^ t^tt^^^feft-tSo Z(^fzii(>. 
C (to. 05-0. 25% izm^-f ^ o 
[0 0 2 2] Si : 0.5 -2.0 %, 

;&;t*i>lw, :3'^< ^^0.5 %lX±<7)^mTb^'£^WX'^?> 

2.0 %^Sx.T-^*-LTi?*«;O^I&WL. -^^mC: 

ie>, Si(±0.5 -2.0 %l,zm.^LfZo i*Jx «Eft L<l±0. 
90%jB-2.0 %X'i>^o 
20 [0 0 2 3] Mn : 0.5 -3.0 % 

h(r>\iZ-^^ii=KMx^^ . i^^<ti0.5 

L*>L, 3.0 %Srex.'&-^*{±, #5l»)f*0-<^-^ 
^ h^.^TS^PPSUS^tL, ^'g^t-v^.T^-^-'T hTi^trL^M^^ 
•f ^(r>tzt>. Mn«±0.5 -3.0 %<7)<gHH|5B^-f -So 
[0 0 2 41 Ti : 0.05-0.3 % 

mz'mx-'mm-^-y^y-'f-^ v^<r)mz.\\L^'^±.\^. 

ISi-^o C:<!0J:9^Sti*l±, 0.05%Jtt±O#*T'®*t, 

K^o 0.3 %^^x.r-i-*l-^ -i-^rfit-m 

<Of>:ii)> TII±0.05-0.3 %0|EH{C|®5eL7to 
[0 0 2 5] 0.05-0.3 % t Jt«!:fi«)#»cO 

r\imm-tz>tzib. i\\t^s,tmtmt-ox. tic 
-7.7--)-^ Ym.m^im)t\,zs.y)^ i)mn<niiBm^-^ 
40 m^-^T-i-^ hm^. BM&m^zxio. nm^etmn 

50 [0 0 2 61 ^^.^.^-^^r-^J-'f b*»<b 
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[0 0 2 7] ±ULfzmmzmx.X. A» 

AP:Nb:o.i %J^JlT, v:o.i %Ji).Tco9 *>'^ i tti 
fzii2m. 

%j-:)iTtcPfi^i-;5,<7)75««f f Lv^o 
[0 0 2 8] BSP : Cu : 1.0 %y.T, Mo : 1.0 %mT^ 
Ni : 1.0 %i:lT. Cr : 1.0 %JSlT<Od *>(7) Itti /cli2 

Cu, Mo, NK Cr{±, v^-f ti*) S^SMb't W^li^^fb 

7t:l±2ttJi^±5:ilf?LT#*T-S-5.o L-d^L, V^-Ttt 

1.0 %&,±<r>i^m(m^T!)^^^-th tt '^izmta^ 

10 0 2 9] CS : Ca : 0.0005-0.015 RBI 10.00 
1 ~0.05%> B : 0.0002-0. 01 *>0 ltt*;tf± 2 

Ca, FO , Bii, v^-rtt'fj^it^O?^,^, *-&v^{ia^ 

^Kft:^Zimtt:li2mi;k±i:mnLX^^r-^^o Ca 
75S0.0005%*SI, REM 35*0.001 B 5^*0. 0002%* 

«-e«±, w<OJ;-7^^li*^^.4i)t>tt^v>o Cam. 
0015%, REM 3i*0.05%, B35*0.01%?r@x.* 
^it-t^o :i<ntztb. CaliO. 0005-0. 015 %, REM (±0. 
001 -0.05%, B{±0.0002~0.01%{C|SS-f ^<075**fi 

10 0 3 0] P : 0. 1 %IXT 

Pl±, mnt^mM^'^^ytmxh^ . L;S-*)0.10%®K 

t X'ffymmxim 2 Ai:*ni)iii'f(:!t*tt^^^'ff:-r-i> i t ^fc < 
jS^iS'fbjiWHl-e* I) , CO. 10% t -ej35i)D-e S 

^ o 

Al : o.io%;^T 

Alii, mmntLx^mL. £>^i-]EdUo.io%£]lt<o^ 

[0 0 3 1] *|&^ai«i±, ±M\^tziSL'5i-\^X^<r>nmt 
S : 0.020 %iXTi)m^x^:bo Sli, W^m^WSfsi 
T-§-6/2ttffi:M-*-S<0*«Mi Lv^**, 0.020 %it?{±M= 
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[0 0 3 2] *l&WSi«{±, ^i^'f h^rifflt L> ^ 

■7o ±ffi-e*^7j^7^ 2.5 fim^m(r>w-m-m. 

10 8 mgttt#x. fjtV-So 

[0 0 3 3] ||2ffil±, ^^^-^ Vtn^:^-7.7-^^ 

■tir^TtAlcii, 5A<mjy.TOlK«B't--«:'f-^'f b t-f-S^ 

#ictj^s$*t-&o iwiraft±lE®**7oo t;*»i 

t#x.^*t^o •^^'■^-^ H:I4> 1-30% 

[0 0 3 4] hMii5% (#«%) m 

%*^T-(±. 112 i;^-rJ:9C^«-3ffitt/>'9>;^TS 
50 XE 1;&«20000 MPa m±Sr?iiS-C# ^rv^'o ^iJ, 

l*f*?^$Offi:T^, *$tttO<B:T^*-f>, 20%e]S**± 

[0 0 3 5] *i5, ±|BLfcfflj;)L^1.0^2ffli: LTIl^'^ 

10wt%S-e<7>-^*f±l^#-C-§^o o^ic, 

[0 0 3 6] ±iZLfzm.^<r>mi. » 
iv^o S*nS!ii--&»^l-t4, TiC 0)#jB«rE&jhLT, 19) 

mt-:^y--r4 Ym.^m.m\\:-f^fzi^. m.ts^^t-ri, 

<Di)miL<. IISOrJ-JlT, L< t41080'CJii.TlC*D 
50 50t:mT*T-?^*PLfcO*>E®=S:Pa$&1--i>O3&*«f*L 
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'iij, tosftiasii. 870 t:m±t-t-so*«@ftwwsi 
[0 0 3 71 jnsft^tLTtx^rjix ow»-c7oo ~9oo r 

■C'l±Ig4r*l-T-f-S)StM)Effi^*fe:?it-2>o mmmT&S. 

v->o iO/c*!), |RWE®<7)#?-TiaS 4:700 -900 "Ciii- 
[0 0 3 8] 'e<7><1fccO)I5£#ft(i, t < 

m2sec ^J.rt{ii3^1-^cO;i^fiFi tv^. ?^i|]iit«(±20'C 
t < (clS^^tL^v>*^'a*^liT"{±200 "C/s^^'iKii^i 

o 

[0 0 3 9] *l&^0*!iffiaiKr'(±. fSiPBlESH-TSPg 
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[0 0 4 01 nmi'i^Ti.fz»Mmmtay( )vm~m^ 
^hix-^o mw^mt\sQ -380 ict-r^o***?* L 

v^o *i&i?-t-i±. it^^e^f&iacoaso rj^Tco^i^iaffit? 

mfmSLUK 150 "C*«T-{i. ■r;l/-r>-9--f hd^^^-f 
So :i<r>tzib. ^SiiaSJiiso ~380'ca-t-*<o**if * 

[0 0 4 11 

immm] mmm i ) * i (-s^i-a«<o^»!*ig^^-c 

M^TiaSl±835 "Ci: L^^co ^KJ±M#l-7m, 0.8 li-'-C 
^*P*M«&L. 55'C/sOf^«iS«-e345'CiT'<%*PL, 
20 -?-OjaSr-#|;^ofCo Ml¥f±2.6mm T^^o 

[0 0 4 21 n^;ug^:^r6]co4'*SPJ; >)JIS 5-§-?l?8 

(lOOOlt) i;J:"9. 7i9^h, -^-f -t-f h<7)¥J%^^ 

*ig*«iJ5eL/co tcii. yx-^-i hsa, -<^'-^-^' Mi 
JIS G 0552ir5i,5c-t--?>WBfi*l-i»»L-ca!^L 

(0 0 4 31 ■?rfih(O^W:i^2 lizm-f-o 
30 [0 0 4 41 

mi] 



No 


^ 1^ ^ (fiS96} 


c 


r 

Si 


Id 


P 


s 


Al 


Ti 




A 


0. 10 


1.21 


1, 41 


0. 010 


0, 005 


0. 051 


0. 070 




B 


0. 19 


1.52 


1,51 


0.008 


0. 002 


0.023 


0. 102 




C 


0.06 1 1.19 


l.OB 


0.007 


0. 001 


0. 041 


0. 120 




D 


0. 13 


0. 91 


2.41 


0. 041 


0. 001 


0. 030 


0. 110 




E 


0. 12 


1. 51 


1. 12 


0.009 


0. 001 


0. 051 


0. 059 




F 


0.04 , 1.08 


1. 39 


0. 009 


0. 001 


0. 029 


0. 080 




G 


0. 15 


0. 48 


1.52 


0. 010 


0.002 


0.012 


0. 115 




H 


0. IB 


1. 05 


0. 41 


0. on 


0. 001 


0. 028 


0. 130 




I 


0.14 * 1.25 


3. 25 


0.010 


0. 002 


0, 009 


0. lOO 




J 


0. 10 


1. 19 


1. 08 


0.010 


0. 005 


0. 022 


0. 038 




K 


0, 12 


1. 69 


0. 98 


0. 010 


0.001 


0. 009 


0.095 


V:0, 051 


L 


0,09 ! 1.51 . 1.09 


0. on 


0. 001 


. 0.031 


0. 103 


Nb:0. 032 


M 


0.15 1.03 


1-00 


0. on 


0,001 


0. 033 


0. 129 


Ho: 0,29 


N 


0. 14 


0. 87 


1. 35 


0. 010 


0. 002 


0.058 


0. 181 ; Ni:0. 61 


O 


0.21 


1.59 


1.08 


0. 008 


0.001 


0.005 


0. 130 


Cr:0. 19 


P 


0. 09 


1.67 


0.97 


0. 006 


0.001 


0.033 


0. 080 


Ca;0. 0020 


Q 


0. 11 


2, 05 


0. 85 
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